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Research on evaluation model of
rock failure integrity under
complex geological conditions in
karst area

Ma Jianbo, Wang Zhonggqi, Yang En and Liu Menghua*

State Key Laboratory of Explosion Science and Technology, School of Mechatronical Engineering, Beijing
Institute of Technology, Beijing, China

Blasting lumpiness prediction is one of the most important research contents in
engineering blasting. Although the traditional KUZ-RAM model is widely used, it
often overestimates the size of blasting. Therefore, the KUZ-RAM model was
updated or corrected in this paper by simplifying the difficult problem of statistical
burst fragmentation in LS-DYNA. Based on the theory of area measurement
method, the fitting mechanism of machine learning is used to study the
lumpiness of simulation results. The updated KUZ-RAM model adds a
coefficient of 0.623 to the original equation of average lumpiness X,,. The
linear coefficient R? between the predicted results and the field blasting results
increases from -1.99 to 0.97, which significantly improves the prediction of
blasting lumpiness.

KEYWORDS

step blasting, average lumpiness, KUZ-RAM model, area measurement method,
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1 Introduction

The karst area in the world accounts for 7%-12% of the total land area. As a drinking
water source, karst water supplies 20%-25% of the world’s population. China is the country
with the widest karst distribution area in the world, accounting for about 1/3 of the land area.
With the development of engineering construction in China, a large number of projects need
to pass through karst areas. Due to the complex geological conditions, large differences in
water-rich characteristics and strong heterogeneity of karst areas, various disasters and
accidents are very likely to occur during the construction process.

The fragmentation of rocks is an important factor that affects the efficiency and economy
of mining (Shim et al., 2009). Blasting is one of the most commonly used methods for
mining, and the size of rock fragmentation and the blasting distribution function after
blasting are often used as a basis for scientific judgment and description to evaluate the
mining benefits of blasting. Blast fragmentation is a complex issue that has been studied by
many scholars in the past few decades. Based on theories such as energy theory and stress
wave theory, many models have been established and widely recognized and applied, such as
the Hanukayev model (Favreau, 1983), the Harries model (Harries, 1977), the Lilly blasting
capability index model (Lilly, 1986), the BLASPA blasting mathematical model (FavreauR.,
1983), the NAG-FRAG model (McHugh, 1983), and the KUZ-RAM block distribution
calculation formula (Cunningham, 1987) proposed by Cunningham (1987) base on the
Kuznetsov equation (Kuznetsov, 1973) and R-R formula (Just, 1974). However, the
prediction results are still less accurate and have great application limitations due to
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rock classification problems. In recent years, many scholars are still
paying attention to the stability of the mining site and the influence
of the collapse mechanism on block size Li et al. (2021a), and trying
to revise and optimize existing models in a more scientific way, such
as Gheibie et al. (2009) has corrected KUZ-RAM; Lawal (2021) also
used image processing technology to optimize the KUZ-RAM
model; Liu et al. (2020) established its relationship with pore
parameters based on the comprehensive study of fractal
dimension by Turcotte (1986) and Harries (1973); L.G.Margolin,
etc. Margolin et al. (1985) proposed the BCM layered crack model,
etc., also some important empirical formulas summarized from field
experience da Gama (1971). However, there are still problems of
narrow application scope and poor practical use effect.

The fragmentation of rocks is an important factor that affects the
efficiency and economy of mining (Shim et al., 2009). Blasting is one
of the most commonly used methods for mining, and the size of rock
fragmentation and the blasting distribution function after blasting
are often used as a basis for scientific judgment and description to
evaluate the mining benefits of blasting.

Blast fragmentation is a complex issue that has been studied by
many scholars in the past few decades. Based on theories such as energy
theory and stress wave theory, many models have been established and
widely recognized and applied, such as the Hanukayev model (Favreau,
1983), the Harries model (Harries, 1977), the Lilly blasting capability
index model (Lilly, 1986), the BLASPA blasting mathematical model
FavreauR. (1983), the NAG-FRAG model (McHugh, 1983), and the
KUZ-RAM block distribution calculation formula (Cunningham, 1987)
proposed by Cunningham (1987) base on the Kuznetsov equation
(Kuznetsov, 1973) and R-R formula (Just, 1974). However, the
prediction results are still less accurate and have great application
limitations due to rock classification problems. In recent years, many
scholars are still paying attention to the stability of the mining site and
the influence of the collapse mechanism on block size Li et al. (2021a),
and trying to revise and optimize existing models in a more scientific
way, such as Gheibie et al. (2009) has corrected KUZ-RAM; Lawal
(2021) also used image processing technology to optimize the KUZ-
RAM model; Liu et al. (2020) established its relationship with pore
parameters based on the comprehensive study of fractal dimension by
Turcotte (1986) and Harries (1973); L.G.Margolin, etc. (Margolin et al,,
1985) proposed the BCM layered crack model, etc., also some important
empirical formulas summarized from field experience da Gama (1971).
However, there are still problems of narrow application scope and poor
practical use effect.

In recent years, computer science and image processing methods
have gradually been applied to the field of blast fragmentation
research. Trivedi (TRIVEDIR and GUPTAN, 2015) was the first to
apply neural networks (ANN) and adaptive neural networks (ANFIS)
to open pit blasting research. Shim et al. (2009) combined the KUZ-
RAM block prediction model and SIS three-dimensional data
prediction technology to optimize blast parameters in their
research. A. Bahrami et al. (2010) established a BP neural network
using 220 data to optimize blasting. Asl PF (Asl et al., 2018) used the
firefly algorithm to predict flying rocks and fragmentation; and
Mehrdanesh A (Mehrdanesh et al, 2018) introduced robotic
technology into the evaluation of rock fracture. Xie et al. (2021)
found the stability and applicability of the FFA-GBM algorithm after
comparing various machine learning algorithms. Zhou et al. (2022)
studied the stability of floor through numerical simulation. These
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studies provide the basis for computer study of blasting block size, but
there is still a lack of detailed determination of blasting block size.

In addition, image processing methods were introduced to study
the impact of blasting on mine stability and block size as early as
1960 by the line segment measurement method proposed by Bapon
(Sanchidridn et al, 2006). In recent years, there have been new
developments in the image method, with the use of photography
technology to determine the actual size of the blast block having
taken off (Ozkahraman, 2006; Kabwe, 2018). Kruttschnitt et al.
(Sanchidridn et al., 2009) have achieved the extraction of ore particle
size information from multiple parallel belt conveyors using laser
sensors; Lange and Crida (Cao et al, 2015) have respectively
developed an ore particle size detection system and ore
separation software. The commercial software such as Wipfrag,
FragScan, SplitDesktop, and WIEP, which are used to analyze
rock fragment size distributions, also indicate the continuous
improvement and maturity of image processing.

In conclusion, a variety of methods have been applied in the
research of blasting, but there are still some defects in the
determination of blasting block size. Considering the KUZ-RAM
prediction model overestimates the size of the blasting block, this
paper, combining computer science and image processing
technology, optimizes the empirical prediction formula for x,, in
the original model based on the results of actual blasting and
simulated calculation. Taking the results of area measurement as
the standard and adding the necessary correction factors, the
accuracy of the modified model in the actual mine application is
further verified. This is of great significance for improving the
evaluation of the blasting effect of open-air step blasting.

2 Computational theory and method

2.1 R-R distribution and KUZ-RAM model

In this paper, R-R distribution model is used to describe the
block size distribution. The R-R distribution model can be

expressed as:
x n
Y=1- - = 1
o {2)] “

where, Yis the accumulation rate (%) under the screen if the particle
size is less than x; x is the rock block size or screen size (mm); x, is
the characteristic size of the rock block, that is, the block size (mm)
when the accumulation rate under the screen is (1-1/e)%,
Xp = ,ﬂ‘ﬁ, X, is the average block size (mm); n is the rock
block particle size distribution parameter (SpathisAlex, 2004).

The relationship between explosive consumption per unit and
blasting average block size x,, in open-pit mines is as follows,
according to the relationship between average block size x,, and
blasting parameters established by Kuznetsov (1973) and Thomas
Busuyi (2009):

19

115\ ™

X = Ak_0'8€1/6<s ) (2)
anfo

Where, x,, is the average diameter of block size (mm); A is the rock
coefficient; k is the single consumption of explosive; e is the single
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TABLE 1 Parameter values in various rock mass conditions.

Symbol Quantity Rating
A Rock factor
RMD Rock Mass Description
-powdery/friable 10
-vertically jointed JF
-massive 50
JE JPS + JPA
JPS Vertical Joint Spacing
-<0.lm 10
—0.1 to MS 20
-MS to DP 50
MS Oversize(m)
DP Drilling pattern size(m) assuming
DP > MS
JPA Joint plane angle
-dip out of face 20
-strike perpendicular to face 30
-dip into face 40
RDI Density influence 25 x RD - 50
RD Density (t/m?)
HF Hardness factor
-If Y<50 GPa HF=Y/3
-If Y>50 GPa HF=UCS/5
Y Youngs modulus (GPa)
ucs Unconfined compressive strength (MPa)

hole charge (kg); Sa,f, is the weight power of explosive relative to
ANFO explosive (115-TNT).

Rock coefficient (A) can be calculated from Eq. 4 according to
the related studies of Cunningham (1987) and Lilly (1986). Specific
parameters are shown in Table 1.

A =0.06(RMD + JF + RDI + HF) 3)

2.2 Area measurement method

Rock screening can be regarded as the process of standard
ellipsoid passing through the sieve, and its size can be calculated
according to the best matching ellipsoid and area measurement
method (Zhao, 2015):

Py p_ P s
a:ﬂ T K,b:ﬂ T R (4)
2 2
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where, a is the maximum radius of the best matching ellipsoid (mm);
and b is the minimum radius of the best matching ellipsoid (mm); p
is the perimeter of the exposed part of the rock (mm), s is the area of
the exposed part of the rock (mm?).

There is a functional relationship between the sifting diameter
(d) of rock blocks and the maximum and minimum radius of the
best matching ellipse of rock blocks:

1.35a

d=1.16b b

(5)

Thus, the sieving size of the rock block can be calculated by areal
measurement. The measurement accuracy of area measurement
method can reach 50 mm, and too small rock has no reference value.

In order to verify the accuracy of the area measurement method,
this paper compares the image processing results with the field
measurement results, as shown in Table 2.

As can be seen from the comparison in the table, the error
between the image processing result and the measured result is about
5%. Considering the possible errors in the application, it can be
considered that the image processing result is consistent with the
real value.

A scientific extended application of the area measurement was
adopted in this paper. Specifically, assuming that the density (p) of the
rock block is same, the mass () of the rock block was replaced by the
volume (V). Then, the volume accumulation rate of the best matching
ellipsoid is used to approximate the mass accumulation rate of the rock
block under the sieve. The sieving diameter (d) of the rock and the
volume (V) of the corresponding best matching ellipsoid are taken as a
set of data, and arranged by the size d. According to the superposition
principle, if the volume corresponding to a certain screen size d’is V;/,
then the ratio of the sum of all volumes (ZLJ,V;) corresponding to
ZV’ under the screen size to the sum of the total volume is the
accumulation rate under the screen Y. Then, x,, x, and the
accumulation rate of each screen size can be obtained. Finally, the
R-R distribution model can be obtained.

2.3 Comparison between traditional KUZ-
RAM model and area measurement method

The actual engineering data of Shenghua Quarry in Hebei
Province and Yuanjiacun Iron Mine in Shanxi Province (in
China) were used to verify the accuracy of the proposed model.
In order to ensure the scientificity and accuracy of the field measured
data, 15 groups of blasting measurement data under different
blasting conditions at the two sites are selected for analysis and
comparison. It is worth mentioning that stratified sampling is used
to collect the size of the burst pile rock after rock blasting. The
average diameter x,, and characteristic diameter x, of rock block
obtained by area measurement method and traditional KUZ-RAM
model are shown in Table 3.

The comparison of the calculation results of the two blasting
rocks is shown in Figure 1. The results predicted by the traditional
KUZ-RAM model are all larger than those obtained by the area
measurement method. It can be seen that it is necessary for KUZ-
RAM to add a correction coefficient term to the prediction model of
X,, to correct the above errors.

frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1177459

Jianbo et al.

TABLE 2 Comparison between image analysis results and measured results.

10.3389/feart.2023.1177459

Conditions Actual perimeter L; (mm) Calculated perimeter L, (mm) Error ('LlL—‘lL')
1 342 336 1.8%
2 106 102 3.8%
3 191 187 2.1%
4 168 175 42%
5 109 102 6.4%

TABLE 3 Rock size characteristics predicted by acreage measurement and initial model.

Data source

Area measurement method (x,,/mm)

Traditional KUZ-RAM model (x,,/mm)

Shenghua Quarry 314.7 512.4
266.4 423.5

269.9 438.1

377.4 625.7

387.6 652.4

Yuanjiacun Iron Mine 364.7 588.3
277.2 435.2

410.2 643.6

422.9 668.2

358.2 593.6

261.1 406.6

397.4 627.4

383.1 624.2

413.3 637.7

382.8 628.9

3 Simulation calculation Ae
D=} — ()

3.1 Model construction

The three-hole model is constructed by simplifying the blasting
situation in the field mining to simulate the field experiment. Its
geometric structure and size are shown in Figures 2, 3. In the figures,
H is the step height (9 m); T'is the plugging length (2 m); L is the charge
length (8 m); B is the minimum resistance line (2 m, roughly equal to the
row spacing); S is the hole distance (3 m); D is the hole distance (150 mm).

The whole model is modeled by Euler element, and the side, bottom
and back of the model are set as non-reflective boundary surface. The
top surface and the front face of the model are modeled in the way of
free surface. The initiation point is located in the center of the top
surface and the bottom surface of the charge cylinder, and is set for
simultaneous initiation at both ends of the explosive column, delay
detonation between different column (Qi et al., 2022) (see Figure 4).

Riedel-Hiermaier-Thoma material model was adopted for rocks
(Riedel et al., 1999), and the damage level was determined by Eq. 7.

Frontiers in Earth Science

where, A¢” is the cumulative plastic deformation of the model; elis
the failure strain.

As a brittle material, rock mass has the characteristics of pressure
correlation of compressive strength, strain hardening, damage softening
and different strain rate effects of tension and pressure, etc. RHT
constitutive model can be simplified according to the above basic
assumptions of rock mass, and the rock mass blasting crushing
model is used to study. The RHT material parameters used in the
model have been calibrated by tests (Schill, 2012). The material used for
the in-cavity blockage in the model was soil and foam (MAT_SOIL_
AND_FOAM, generally used when the soil is not confined to a
structure or when geometric boundaries do not exist) considering
the RHT material does not support the Euler algorithm. The RHT
material parameters are shown in Table 4.

The air in the model is assumed to be an ideal gas, and its
equation of state is Rogers and Mayhew (1995):
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FIGURE 1

The results of x,, calculation by the traditional KUZ-RAM model
and the area measurement method.

FIGURE 2
Front view of the model.

P= (y—l)P%eo (7)

where, P is gas pressure; p is the air density, 1.225 kg/m? ¢, is the
initial internal energy density of air, 254.3 kJ/m? y is the adiabatic
index, 1.4; the specific heat capacity of air is 717.6 J/kg:K; and the
reference temperature is 288.2 K.

Frontiers in Earth Science

FIGURE 3
Top view of the model.

Free Boundary

No Reflecting
No Reflecting Boundary
Boundary
Free Boundary

No Reflecting

Boundary

FIGURE 4
Boundary case of the model.

The explosive is TNT, and its explosion equation can be
described by standard JWL equation of state (Lee et al., 1973):

b= A1<1 - RL>e'R1“ + A2<1 - %)e'&” it (8)

1v 2 v

where, p is detonation pressure; v is the relative volume of
detonation products; e is the initial specific internal energy; A,
Ay, Ry, Ry, and y are equation of state parameter constants (Qi et al.,
2023). Related parameters are shown in Table 5.

3.2 Working condition design

According to the field test conditions, simulation conditions are
designed in the simulation calculation (Table 6). The parameters of
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TABLE 4 RHT model parameters for rock mass in Lagrangian elements.

10.3389/feart.2023.1177459

Density 2627 kg/m? Ref. compressive stain rate

Shear Modulus 18.6 Gpa Ref. tensile strain rate 3.0e9
Pore crush BO 1.22 Failure tensile strain rate 3.0e22
Pore crush Bl 122 Failure compressive strain rate 3.0e22
Bulk Modulus T1 40 Gpa Compressive strain rate dependence exponent 0.032
Bulk Modulus T2 0 Tensile strain rate dependence exponent 0.036
Bulk Modulus A1 40 Gpa Volumetric plastic strain 0.001
Bulk Modulus A2 0 Compressive yield strength 200 Mpa
Bulk Modulus A3 0 Tensile yield strength 7 Mpa
Failure surface A 2.618 Damage parameter D1 0.04
Failure surface N 0.7985 Damage parameter D2 1.0
Shear strength 36 Mpa Minimum damaged residual strain 0.01
Uniaxial tensile strength 10 Mpa Residual surface parameter AF 0.873
Lode Angle Q0 0.567 Residual surface parameter AN 0.559
Lode Angle B 0.0105 Grunnisen Gamma 0
Compaction pressure 6 Gpa Crush pressure 133 Mpa
Initial porosity 1.0 Porosity exponent 3

TABLE 5 Explosive parameters of TNT.

1.63 373.7 3.747

4.15 0.9 6.0 x 10° 0.35

the first five groups of conditions correspond to the mine field
production conditions, and the remaining conditions are used to
study the relationship between blasting design parameters and
blasting average block size.

3.3 Blasting assessment of rock

The rock mass will have the maximum damage at the instantaneous
energy peak (Li et al, 2021b). Taking the first group of working
conditions in Table 3 as an example, the overall pressure distribution
is shown in Figure 5. After removing elements with damage degree
greater than 0.1, cracks will be formed in the rock mass, and detailed
structural characteristics related to damage at different loading stages will
be obtained (Li et al., 2023). The damage situation is shown in Figure 6.

Similar to the area measurement method, 3D was converted into
2D pictures by slicing considering the difficulty of estimating the size
of debris directly on a 3D model. The multiple incisions were
selected for fragment evaluation, as shown in Figure 7. Slices
were sliced between each hole to obtain the fragmentation
conditions between different cross sections.

The circumference and area of the rock fragments are calculated
by operations in LS-DYNA and then combined with the area
measurement method to determine the sifting size of the rock

Frontiers in Earth Science

blocks. Section conditions of the first group of working
conditions in Table 3 are shown in Figures 8, 9.

3.4 Comparison of simulation results with
field tests

In order to verify the accuracy of model calculation, the
calculation results of the first five groups of working conditions
are compared with the field mining data, as shown in Table 7.

It can be seen from Table 5 that under the same working conditions
as mine field production, the error of numerical calculation is within
10%. Considering the deviation of actual sampling accuracy, it is
reasonable to think that the model can simulate the blasting mining
process. After obtaining a large number of data, the original average
block size prediction model is optimized.

4 Updating and discussion of the model

4.1 Model updating

The original KUZ-RAM formula is optimized and improved
because the original formula overestimates the average block size x,,,.
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TABLE 6 Model simulation conditions.

Conditions Rock coefficient i Conditions Rock Specific Single-hole
coefficient explosive charge
consumption e (kg)
k (kg/m?)

1 14.0 0.82 699.4 21 10.8 0.66 477.6
2 14.0 0.70 746.8 2 10.8 0.60 376.1
3 14.0 0.65 699.4 23 114 0.60 406.9
4 102 0.72 447.6 24 114 0.76 477.6
5 102 0.57 406.9 25 114 0.75 406.9
6 8.1 0.63 282.6 26 117 0.66 477.6
7 8.1 0.57 3109 27 117 0.76 477.6
8 8.1 0.69 3109 28 117 0.75 406.9
9 8.7 0.69 310.9 29 12 0.74 533.9
10 8.7 0.63 3419 30 12 0.75 406.9
11 8.7 0.54 3419 31 12 0.66 477.6
12 9 0.54 3419 32 126 0.66 477.6
13 9 0.60 406.9 33 126 0.73 525.4
14 9 0.75 406.9 34 126 0.74 533.9
15 9.6 0.75 406.9 35 132 0.81 587.3
16 9.6 0.76 477.6 36 132 0.89 533.9
17 9.6 0.66 477.6 37 132 0.76 553.9
18 102 0.66 477.6 38 135 0.89 533.9
19 102 0.67 366.2 39 135 0.88 635.9
20 10.8 0.75 406.9 40 135 0.87 635.9
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FIGURE 5
The distribution of blasting pressure.

The prediction formula for the average block size shown in Eq. 3 is
divided into two parts, which are the part representing the
characteristics of rock mass (rock coefficient) and the parameter
of blasting design. That is:

Xn, =A-R 9)
19
115\ @
R- k—°'861/6<s_) (10)
anfo

Lawal (2021) believes that coefficient 0.06 in Eq. 4 is the root
cause of error when revising the KUZ-RAM model. However,
this redefinition of rock coefficient not only reduces the
application range of the original rock coefficient, but also fails
to consider the influence of blasting design parameters on the
prediction results. Therefore, the paper maintains the original
rock coefficient in the optimization process of the model, and
focuses on the optimization of blasting design parameters. The
revised model is:

xm=A-K-R (11)

where, x',,, is the corrected average blasting block size.
Equation 12 can also be rewritten as:

_L
30
- KAk’O'seW(ﬁ) (12)

anfo

50 groups of blasting results and simulation data from two mines
are selected, and Levenberg-Marquardt algorithm (L-M algorithm)
is applied to fit the coefficient K of Eq. 13. The result of this
coefficient is 0.623, which is more reasonable.

Therefore, Eq. 12 can be updated as:

19/30
Xp= 0.623Ak'%Q‘/6(£> (13)

ANFO
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FIGURE 6
Damage distribution and crack morphology of rock mass.

FIGURE 7
Vertical cutting position.

The symbol in the formula has the same meaning as in the
previous text.

4.2 Comparison between the updated and
original model

Data sampling is conducted on the blasting results of another
15 groups under different working conditions in field blasting,
and after sorting, x,, and x, are compared between the prediction
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FIGURE 8
The blasting pressure distribution.

results of the original, updated KUZ-RAM model, and obtained
by the area measurement method (field measurement). The
in Table 8.
comparison results of the three, it can be seen that the
prediction results of the updated KUZ-RAM model are very
close to that of the area measurement method. The prediction
errors of x,, were all below 6%, and the linear correlation
coefficient R*> reached 0.97. This is significantly higher than
the prediction accuracy of the original KUZ-RAM model with
an average error of more than 60% (R* = —1.99). In addition, the
prediction error of the original model in x, is further amplified
due to the inaccuracy of the x,, prediction results. The prediction

comparison results are shown From the

error of x, in the original model is more than 50% (R*> = —2.61),
but the updated model is less than 8% (R* = 0.96). It can be seen
that the prediction accuracy of the updated thickness model in
both x,, and x, has been greatly improved, which is very close to
the actual measured results.

The comparison results of Figures 10, 11 show that the
optimized model in this paper can predict the size of blasting
block size more accurately, and has a good effect on the
prediction and description of the blasting distribution model.
Moreover, the combination of

image processing,

measurement and numerical simulation is easier to realize and

area

cheaper than traditional statistical methods.
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FIGURE 9
Crack distribution on one of cross sections.

4.3 Evaluation of the updated model

The regularity of calculation block size and field explosion and
error before and after model updating is also further studied. The
calculation results of the updated KUZ-RAM model were compared
with those of the original KUZ-RAM model through the field
blasting results. All the data are from the field test results under
different blasting conditions, including large and small blasting
conditions. The blasting results under different lithology and
blasting parameters are analyzed and compared.

As discussed above, the prediction result of the original KUZ-
RAM model for x,, is generally larger than that of the updated
model. As shown in Figure 12, the horizontal axis is the image
analysis result of x,, (measured I); vertical axis is the original KUZ-
RAM model prediction error (|x,, — 1), linear fitting results for both:
|x, = I = 0.531 + 24.12, linear coefficient R> = 0.86. It can be
considered that the error has a linear relationship with the actual
average block size, which also proves the feasibility of using a single
correction coefficient to correct the model. Another obvious
phenomenon is that the error is further amplified with the
increase of x,,. In open-pit mines, large-scale blasting is the main
mining method, and its average block size is usually greater than
500 mm, which indicates that the original KUZ-RAM model has
great limitations in application.
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TABLE 7 Comparison between model calculation and field test.

Conditions
1 14 0.82 699.4 332.8 358.2 7.1
2 14 0.70 746.8 381.8 382.8 0.3
3 14 0.65 699.4 400.7 410.2 2.3
4 10 0.72 447.6 244.8 266.4 8.1
5 10 0.57 406.9 290.5 314.7 7.7
Note: A is rock coefficient; k is the single cost of explosive; e is single-hole charge; R is the result of numerical calculation; I is field test results; o is relative error sigma, ¢ = @ x 100%.

TABLE 8 Comparison of original KUZ-RAM model, updated model and field measured results.

Data Original model Updated model  Field measurement  Original model Updated model Field measurement
) )
groups X, (Mm) x,, (mm) I,, (mm) xo (mm) X (mm) Iy (mm)
1 355.4 2214 2323 459.1 274.4 296.9
2 366.1 228.1 220.6 472.9 281.8 302.1
3 406.2 253.1 2415 524.7 3129 3105
4 4133 257.5 246.6 533.8 3355 344.6
5 4182 260.5 2712 548.2 326.8 3116
6 456.4 2843 2775 589.5 370.3 3522
7 491.1 305.8 3185 635.1 3835 3924
8 522.1 3253 3185 675.1 402.1 406.3
9 578.2 378.4 366.8 747.6 455.7 435.6
10 584.2 364.1 377.7 755.4 455.7 439.9
11 611.4 380.1 386.4 790.6 475.9 490.5
12 621.4 387.2 385.3 803.5 485.1 510.4
13 652.6 406.6 392.4 8235 495.4 472.2
14 674.5 420.2 4413 851.1 511.7 493.8
15 733.4 456.9 460.0 928.4 559.6 570.7
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Calculation comparison of R-R distribution models.

In order to further verify the accuracy of the updated model, image
analysis and updated model prediction are used to calculate and
optimize different blasting results. The calculation comparison of
R-R distribution models is shown in Figure 13. The linear
relationship between the updated model and the results of image
analysis (R* = 0.99) is higher than that of the original model (R* =
0.72). It can be seen that the R-R distribution model obtained by KUZ-
RAM model is basically consistent with the results of image analysis,
which can provide a more accurate description of the block distribution
of field mines.
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5 Conclusion

In this paper, we use the fitting method in image processing and
machine learning to propose a correction to the prediction formula of
the average block size x;, by using the original formula and combining
the field blasting images and data, adding a coefficient of 0.623 to the
empirical formula, increasing the R? between the original model
prediction results and the real blasting results from -2.0176 to
0.9912, and improving the accuracy of the prediction for large-
scale blasting results without changing the accuracy of the fine
grain prediction The accuracy of the prediction of large-scale
blasting results is improved without changing the accuracy of the
prediction of fine grains, and a higher prediction accuracy is achieved.
In addition, the related ideas and theories of slice sampling calculation
for the simulated rock mass model simplify the difficult problem of
statistical blasting fragmentation in the three-dimensional LS-DYNA
model. A more simple and convenient method is used to obtain the
internal block size of rock mass.

At the same time, for karst areas with complex geological
conditions, modified blasting block parameters are realized
according to the comparison results of different rock damage
integrity, which can better evaluate the rock integrity after project
crushing, which is of great significance for practical engineering
applications.
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